Introduction
Exposure to ethanol during pregnancy produces fetal alcohol spectrum disorders (FASDs), a major public health problem with an estimated prevalence of 1-5% in the United States and Western Europe, and an even higher prevalence in other regions including South Africa [1] . The high prevalence of FASDs is not surprising given that a significant percentage of pregnant women consume ethanol (e.g. 10-20% in the USA, 40% in Uruguay, 50% in some parts of Italy) [2] [3] [4] . The most severe form of FASDs is fetal alcohol syndrome (FAS), characterized by growth retardation, facial abnormalities, and neurobehavioral alterations. FAS is often associated with heavy ethanol consumption throughout pregnancy, including binge drinking. Most patients with FASDs exhibit only a subset of the characteristics of FAS, such as cognitive and behavioral deficits, in the absence of facial abnormalities.
Although it is widely accepted that exposure to high doses of ethanol has long-lasting detrimental effects on brain development, the case for moderate exposure (Box 1) remains controversial [5] [6] [7] . On one side are a number of studies suggesting that moderate prenatal alcohol exposure (MPAE) is associated with a higher incidence of behavioral and cognitive problems during childhood and/or adolescence, including mood disorders, deficits in working memory and attention, increases in aggression, and alterations in peer relationships [8] [9] [10] [11] [12] . Conversely, other studies have shown that MPAE is not associated with an increased incidence of social, motor, or emotional problems [13] [14] [15] [16] [17] . Reasons for the discrepancies between these studies are likely to include differences in methodology, sample demographic characteristics, confounding variables (e.g. stress, genetic factors, socioeconomic status, nutrition, or coexposure to other harmful substances), and accurate determination of drinking patterns [7] (Box 1).
Although human epidemiological studies are inconclusive regarding the impact of MPAE, primate and rodent models of FASDs have convincingly demonstrated significant effects in several brain regions. In this review we focus on studies completed in the last decade where animals were exposed in vivo to blood alcohol levels (BALs) 0.17 g/dl, which have been assumed to model human MPAE (Box1; for reference, the US legal intoxication limit is 0.08 g/dl = 17.4 mM). We elected to concentrate on studies with BALs up to approximately twice the legal intoxication limit in the U.S. based on a recent computational modeling study indicating that significantly higher BALs are required to produce neurodevelopmental effects in rodents than in primates [18] . Studies discussed here used a variety of exposure paradigms (Figure 1 ) to assess the effects of ethanol across different brain regions. The reader is referred to more comprehensive reviews for additional information on FASD, including studies that have used other modes of exposure and higher ethanol doses [19] [20] [21] [22] [23] [24] .
The hippocampal formation Glutamatergic and histaminergic transmission Studies with rodents have provided strong evidence indicating that MPAE impairs hippocampus-dependent memory. MPAE adult rat offspring (liquid diet during pregnancy; BALs of 0.03 and 0.08 g/dl) displayed impaired performance on a moving platform version of the Morris water
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Glossary
Brain reward system: a neuronal circuit that includes dopaminergic neurons in the ventral tegmental area projecting to several target regions including the nucleus accumbens, prefrontal cortex, and amygdala. Contextual fear conditioning: a behavioral test in which animals learn to associate fear with spatial environmental cues. Eyeblink conditioning: a behavioral test in which animals learn to associate auditory or visual stimuli with a stimulus that induces an eyeblink response (e.g. airpuff to the cornea). Positron emission tomography: an imaging technique that is capable of detecting radioactive chemicals in brain and other organs. Stem-cell niche: microenvironment that regulates self-renewal, differentiation, and maturation of stem cells.
